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Proposal for the installation of three additional OTR monitors 
in the TT2 line 
 
 









The location of a set of three MTV monitors equipped with OTR (Optical Transition Radiation) 
screens in the line TT2 is proposed, in order to measure emittance and Twiss parameters of beams 
ejected from the PS when they are not sent to TT10/SPS and as a complement of downstream 













A precise knowledge of the beam parameters in the TT2-TT10 transfer line is very 
important in order to achieve a well matched injection in the SPS to preserve the 
emittance of the LHC beam. Four optical transition radiation (OTR) screens, read by 
CCD cameras, are already employed in TT10 to measure the beam emittance and Twiss 
parameters, by applying the standard "3-monitor method" (e.g. [1]) or derivation of it [2]. 
In TT2, beam profile and emittance measurements are presently done with three SEM 
wires(grids): MSG.257(8), MSG.267(8), MSG.277(8). In some cases these measurements 
are less accurate then with the use of the OTRs or even not possible, as for the LHC 
nominal proton beam with short bunches, due to beam-induced multipacting. Moreover, 
the SEMgrids are situated after the switch to AD, therefore in order to perform 
measurements on the AD beam it is necessary to send it to the dump D3.  
For the time being, in TT2 there is only one tank equipped with an OTR screen 
(F16.MTV201). Other MTV monitors are presents as well, but they are only used to 
check the beam steering, since they have Alumina screens. The installation of two more 
OTR screens in the TT2 line is proposed, in order to measure the parameters of the beams 
coming from the PS when they are not sent to TT10/SPS (as recommended in [3]). 
Though conceived mainly for measurements of the LHC beams, thus to integrate the ones 
in TT10, these monitors should also be used for measurements of the proton fixed target 
beams and of the AD beam. For the latter beam the monitors should be ideally installed 
upstream of the switching magnets to the FTA line to allow measurements of the 
emittance while delivering beam to the AD target. 
2. Criteria and constraints 
 
The position of the beam profile monitors has been optimized with respect of several 
criteria and constrains, out of which some are valid in general for this type of emittance 
and Twiss parameters measurements and others are specific for the needs in the TT2 line: 
• In order to minimize the error associated to the emittance measurement, the phase 
advance between the 3 monitors Δφij in each plane should be such as to have a 
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• The contribution to beam size resulting from the dispersion at the monitor 
positions should be as low as possible, to keep minimum the error due to the 
accuracy in the dispersion and momentum spread measurements. 
• To profit as much as possible of the CCD camera resolution, the beam size 
should be almost the same in the horizontal and vertical plane. 
• The monitors should be located downstream of corrector dipoles in order to have 
the possibility to steer the beam in the centre of the screen and there should not be 
too many quadrupoles in between in order to reduce the uncertainty in the transfer 
matrices between the screens. 
• They should possibly be located inside the FODO structure of TT2. In this case, 
by re-matching the line, it will be possible to keep similar optics and phase 
advance for the different beams.  
• Radiation damage to the CCD cameras should be minimized. For that reason 
low radiation areas should be chosen for the installation. 
• The AD beam is sent to the Line 9000 by the switching magnet BTI247, so the 
monitors should preferably be installed upstream of that element. 
• The monitors should possibly use the existing tanks. 
3. Proposed monitors location 
After taking into account the various constrains, the proposal for the installation of the 
three OTR screens monitors in TT2 foresees the use of an already existing tank 
(F16.MTV218) and the placement of the other 2 monitors as close as possible to the 
quadrupoles QDE230 and QDE240.  
 
The parameters at the monitor locations for the LHC and AD proton beams at 26GeV are 
listed in Table 1, for the optics which have been in operation since Autumn 2007 [6]. 
Since the monitors are inside the FODO section, the optics is the same for both LHC and 




@26GeV s [m] βH [m] μH [º] βV [m] μV [º] DH [m] DV [m] 
MTV218 88.59 17.04 0.00 35.51 0.00 -2.33  (-1.96) 
0.67  
(-0.77) 
QDE230 108.22 16.19 50.05 35.91 44.93 -1.03 (0.25) 
0.80  
(-1.27) 
QDE240 126.68 16.21 95.05 35.88 89.93 0.76 (2.09) 
0.46  
(-1.03) 
Table 1: Optics parameters at the monitor locations for the LHC and AD (fast extracted 
proton beams). In parenthesis is the dispersion for the AD beam.  
 
From Eq.1 it follows that YH=1.19 and YV=1.22. Figure1 shows the value of the function 
(YH x YV ) for all the possible couples of monitors, assuming that the first one is MTV218. 
The point (mtv218; qde230, qde240) is located in a region where the function is less 
than 2, though it is not exactly at the minimum, in order to satisfy the other constraints.  
The horizontal dispersion, since it cannot be set to zero at all the monitors and for all the 
beams, is kept as small as possible (i.e. below ~2m). Although the beta functions in the 
horizontal and vertical plane are different, taking into account the contribution from 
dispersion, the beam sizes in the two planes become comparable (within a factor 2). The 
expected sizes of the LHC and AD beams at the monitor locations are summarized in 
Tables 2 and 3. 
 
Similar arguments are valid for the fixed target (FT) proton beam, at 14GeV, whose 
optics is summarized in Table 4 and for which YH=1.94 and YV=1.40, and for ToF, for 
which as a first approximation the same optics as LHC proton beam will be used.  
 
Figure 1: Colorplot of the function (YH x YV) for all the possible couples of monitors, 
assuming that the first one is MTV218. The point (mtv218; qde230, qde240) is 
represented as a black dot in the picture. 
 
 
LHC beams:  
(I=1010→1013ppb) 
ε∗x= ε∗y= 1 μm rad 
dp/p=2.8e-4 
ε∗x= ε∗y= 1 μm rad 
dp/p=1.12e-3 
ε∗x= ε∗y= 3 μm rad 
dp/p=1.12e-3 
 σx (mm) σy (mm) σx (mm) σy (mm) σx (mm) σy (mm) 
MTV218 1.03 1.17 2.73 1.37 2.95 2.13 
2nd (QDE230) 0.83 1.18 1.39 1.47 1.77 2.20 
3rd (QDE240) 0.98 1.17 1.16 1.27 1.60 2.07 
Table 2: Expected LHC beam size at the monitor locations.  
 
 
AD beam:  
(I=1012→1.8 x 1013ppb) 
ε∗x=10 μm rad;   ε∗y= 5 μm rad 
dp/p=1.5e-3  
 σx (mm) σy (mm) 
MTV218 2.60 2.17 
2nd (QDE230) 1.38 2.46 
3rd (QDE240) 2.71 2.31 




@14GeV s [m] βH [m] μH [º] βV [m] μV [º] DH [m] DV [m] 
MTV218 88.59 20.16 0.00 28.29 0.00 -0.94  0.69  
QDE230 108.22 27.51 35.57 33.62 53.97 -0.47 0.70  
QDE240 126.68 20.46 66.54 48.91 91.08 0.19 0.37 
Table 4: Optics parameters at the monitor locations for the FT beam (but it will probably 
be re-matched during 2008 machine run).  
 
The monitor chosen positions have several advantages: the screens are inside a FODO 
structure, downstream of the matching section, they are quite close each other in order to 
avoid uncertainties on the transfer matrices and they are located downstream of the 
correctors BHZ117, BHZ147, BHZ167, BVT123 and BVT173, which can be used to 
center the beam on the screens. 
It should also be noted that the three monitors are upstream of the switch to AD, and 
therefore it will be possible to perform measurements on the AD beam without sending it 
to D3. This will allow taking measurements without perturbing the physics operation 
with antiprotons. 
Finally, concerning the radiation level, the monitors are still in a region with low dose 






















































































































































































A possible location of a set of three beam profiles monitors equipped with OTR screens 
in TT2 is proposed, by taking into account the constrains arising from the optics 
considerations and the specifics needs of the line. Two new stations should be installed as 
close as possible to the quadrupoles QDE230 and QDE240. For the third monitor, it 
could be possible to use the existing tank MTV218 and to replace an existing screen with 
an OTR, without detriment for operation.  
Configurations which include the MTV201, which already has an OTR screen, have been 
considered, but this monitor has the inconvenience that it is in the matching region 
upstream of the FODO lattice. This means that there will be different beta functions and 
phase advance for the different beams, and it will not be possible to optimize the optics 
constraints for all the beams. Moreover the horizontal dispersion at this location can be as 
high as ~4m for certain optics (i.e. AD). 
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